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Schedule
9:00 am to 3:30 pm

Intro to class
Intro to guidance
Overview of Steps & Appendices
Example of a Watershed Characterization in Leavenworth
Break
o Group Discussion on Planning/Restoration Recommendations

Lunch Break

Y

Introduction to models for Water Flow Processes

Example of using results to develop a Watershed Based Management
Plan for:

o Clark County
Break
o Birch Bay
Application to Shoreline Planning & Permitting - Anacortes

Summary. and Wrap Up



ODbjectives of Class:

To Understand:

» Benefits of a watershed approach

> Role of watershed processes
o FOCUS On Water: flow processes

> How to apply Ecology’s Guidance

> How to apply the results of
characterization to local planning




A Watershed or Ecosystem Approach
to Planning
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Benefits of a Watershed Approach

High

VAN

Effort
and
Focus

Low

Regulation & Improved land use
Enfercement [ planning &

management

Success of mitigation
protection, &
restoration measures

Understand
Processes at a
watershed scale

Level of Resource Protection |]|:|

|dentify best areas
[ for mitigation and

protection

:: > High



Understanding of Important Areas can help...

Guide future development

Avoid creating
environmental problems

Reduce cost of
Infrastructure

Streamline permitting

Support Growth
Management and
Shoreline Management
Planning



Watershed Based Planning Process

STEP1:
ANALYZING STEP 2:
THE PRESCRIBING
LANDSCAPE SOLUTIONS

STEP 3:
TAKING
ACTIONS

ldentify solutions
(regulatory and

non-regulatory) to
reduce risks from
human activitics

Implement
solutions to reduce
risks through
permits and other
approaches

Inventory,
collect data, and
analyze processes
and functions
at multiple
geographic
scales

Adaptive Management (Feedback for Improvement)

STEP 4:
MONITORING
RESULTS

Monitor
effectivencss of
solutions



Multiple Scales of Watershed

AGEWATS
Broad-scale: Mid-scale: Fine-scale:
- County - Sub-Area - Subdivision

- River Basin - \Watershead or Parcel



Tool box for Watershed Approach

Tools Application - Benefit

DOE Watershed Describe, Identify & Map Processes

Broad >t : e :
Characterization Guidance that drive site functions

Scale
: DOE Characterization |ldentify areas for protection
Mid - Scoring Methods and restoration
Scales

Mitigation Guidance | Design Mitigation

DOE Wet. Assess functions
Assessment Assure

DOE Rating | Protection of
System wet functs

Fine
Scale




Protecting Aquatic Ecosystems by
Understanding Watershed Processes

A Guide for Planners

Ecology Publication #05-06-027

Introduction to
Department of
Ecology’s
Watershed
Guidance

January
2009
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Guidance Is For Western Washington

o

Watershed

12



Objectives of Guidance

ldentify Important Areas for Supporting
\Watershed Processes

13



And How Those Areas Have Been
Altered

£ )
=y Development

=

ldentifies the best areas to protect, restore, & develop
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This Guidance Is based on
hydrogeologic setting...

Physical characteristics of the landscape:

> Aguatic resources develop and are maintained due to
Interaction of hydrologic cycle with landscape
components including:

o Geology
o SOIlS

o llOpOgraphy.

15



Overview of Analysis
Steps
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Steps

Key Questions

Step 1: Define the
purpose of the
analysis.

What are the policy or regulatory
issues for which you need to
understand watershed
processes?

Who will assist you with the
analysis?

What resources already exist to

help with the analyss?

Step 2: Delineate
the an alysis area ,
hydrologic sub-units
and any
hydrogeologic units

What is the contributing basin
for the area affect ed by policy
or reg ulatory dec isions?

What size of the sub-units
meets local pl anning and
perm itting nee ds?

Are there diffr ent types of
prec ipitation, landform and
geology in the analysis are as?

Details

Pg6&7

Include surfa ce water shed and
contributing area for
groundwater (if possible).
Determine a ppropriate size for
analysis units.

Step 3: Map the
relative level of
importance of each
sub-unit for each
watersh ed proc ess.

In the absence of human
impairment, what arcas are
important to each water shed
proc ess?

Where are these difer ent

areas loc ated?

Describe rel ationship between
physical chara cteristics of a
watersh ed and each waters hed
proc ess.

Step 4: Map the
relative level of

Which human activities have
imnaired each wate rshed

Describe rel ationship between




Step 1 — Define Purpose of Analysis

Table 1: Relationship between purpose, analysis area, and watershed processes requiring
analysis.

Watershed
processes

Analysis area

F::]}nre]me Me.aﬂter Program Watersheds of
Comprehensive Plan i dicti
Watershed Plan Jurisdiction

Mitigation Plan i

.- . Watershed of
Conservation Plan
Restoration Plan
Plans for addressing environmental problems, . . Processes

e.g.. IMDLs, shellfish closures, water quality Watershed affecting associated with

. . area of concern .
violations, etc. key issue

ecosystem or habitat

» |ldentify specialists to help in the analysis:

o hydrologist, geologist, aquatic biologist, GIS
analyst

19



Step 1 — Gather Information

Table 2: Selected sources of existing information and data

Tvpe of information

Studies/plans

Website

TMWMDL studies and
listings

Water bodies
exceeding
water quality
standards

(3034 list)

http-/www ecv. wa gov/programs/waq/303d/2002/
2004 deocuments/list by categorv-cats html

TWMDL clean
up plans

http-//www_ecv.wa.gov/programs/wq/tmdl waters
hed/index html

Habitat and water
quality monitoring/
assessment reports

Puget Sound
Action Team
list of reports
ofl marine
ENVITonments

http:/'www psat. wa.gov/Publications/Pub Master
hitm

Watershed planning
reports

Ecology list
of watershed
planning
reports

http://[www_ecv.wa. coviwatershed/index html

Studies/environmental
reports

Limiting
Factors

Reports

-//salmon scc. wa.gov

Site-specific
studies

Literature data bases, tribal websites, agency
websites




Steps

Key Questions

Step 1: Define the
purpose of the
analysis.

What are the policy or regulatory
issues for which you need to
understand watershed
processes?

Who will assist you with the
analysis?

What resources already exist to
help with the analyss?

Step 2: Delineate
the an alysis area ,
hydrologic sub-units
and any
hydrogeologic units

What is the contributing basin
for the area affect ed by policy
or reg ulatory dec isions?

What size of the sub-units
meets local pl anning and
perm itting nee ds?

Are there diffr ent types of
prec ipitation, landform and
geology in the analysis are as?

Include surfa ce water shed and
contributing area for
groundwater (if possible).
Determine a ppropriate size for
analysis units.

Step 3: Map the
relative level of
importance of each
sub-unit for each
watersh ed proc ess.

In the absence of human
impairment, what arcas are
important to each water shed
proc ess?

Where are these difer ent

areas loc ated?

Describe rel ationship between
physical chara cteristics of a
watersh ed and each waters hed
proc ess.

Step 4: Map the
relative level of

Which human activities have
impaired each wate rshed

Describe rel ationship between




Step 2 — Delineate Analysis Area

22



Create Sub-units

Siep 2

23
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Large

\! ' - Ay
$

Step 2 — K Too

USGS Hydrologic
Unit Codes
watersheds:

Usually too large for
application in local
plans



Steps

Key Questions

Step 1: Define the
purpose of the
analysis.

What are the policy or regulatory
issues for which you need to
understand watershed
processes?

Who will assist you with the
analysis?

What resources already exist to
help with the analyss?

Step 2: Delineate
the an alysis area ,
hydrologic sub-units
and any
hydrogeologic units

What is the contributing basin
for the area affect ed by policy
or reg ulatory dec isions?

What size of the sub-units
meets local pl anning and
perm itting nee ds?

Are there diffr ent types of
prec ipitation, landform and
geology in the analysis are as?

Include surfa ce water shed and
contributing area for
groundwater (if possible).
Determine a ppropriate size for
analysis units.

Step 3: Map the
relative level of
importance of each
sub-unit for each
watersh ed proc ess.

Step 4: Map the
relative level of

In the absence of human
impairment, what arcas are
important to each water shed
proc ess?

Where are these difer ent

areas loc ated?

Describe rel ationship between
physical chara cteristics of a
watersh ed and each waters hed
proc ess.

Which human activities have
impaired each wate rshed

Describe rel ationship between
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Step 3 — Map Important Areas

26



Ul‘.l] A e 1AW e
purpose of the
analysis.

PLOULGSOGS &

Who will assist you with the
analysis?

What resources already exist to
help with the analyss?

Step 2: Delineate
the an alysis area ,

hydrologic sub-units

and any
hydrogeologic units

What is the contributing basin
for the area affect ed by policy
or reg ulatory dec isions?

What size of the sub-units
meets local pl anning and
perm itting nee ds?

Are there diffr ent types of
prec ipitation, landform and
geology in the analysis are as?

Pg6&7

Include surfa ce water shed and
contributing area for
groundwater (if possible).
Determine a ppropriate size for
analysis units.

Step 3: Map the
relative level of
importance of each
sub-unit for each
watersh ed proc ess.

In the absence of human
impairment, what arcas are
important to each water shed
proc ess?

Where are these difer ent

areas loc ated?

Describe rel ationship between
physical chara cteristics of a
watersh ed and each waters hed
proc ess.

Step 4: Map the
relative level of
impairment to each

watersh ed proc ess.

Which human activities have
impaired each wate rshed
proc ess?

Where have these activities
most impaired proc esses?

Describe rel ationship between
hum an act ivities and each
watersh ed proc ess.

Sten & [dentifyr the

Where are watershed

Combine Map of Impairm ents

P B N Y A Y I T
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hydrologic sub-units
and any
hydrogeologic units

meets local pl anning and
pemm itting nee ds?

Are there difer ent types of
prec ipitation, landform and
geology in the analysis are as?

Step 3: Map the
relative level of
importance of each
sub-unit for each
watersh ed proc ess.

In the absence of human
impairment, what areas are
important to each water shed
proc ess?

Where are these difler ent
areas loc ated?

Step 4: Map the
relative level of
impaimment to each
watersh ed proc ess.

Which human activities have
impaired each wate rshed
proc ess?

Where have these activities
most impaired proc esses?

Step S: Identify the
most suitable are as
for pr otection,

res toration &
dev elopment.

Where are watershed
proc esses still intact or
mini mally impaired?
Where have water shed
proc esses been impaired ?

—

groundwater (if possible).
Determine a ppropriate size for
analysis units.

Pg6&7

Describe rel ationship between
physical chara cteristics of a
watersh ed and each waters hed
proc ess.

Describe rel ationship between
human activities and each
watersh ed proc ess.

Combine Map of Impairm ents
and Map of Impo rtant Areas
for each water shed process;
Unimpaired [] protection
Impaired [] restoration or
deve lopment




Step 5 — Locate Areas for Protection and Restoration

Watershed Management Matrix
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Step 5 - Locate Areas for Protection
and Restoration

;'l :

o, S

{570 B
A W

Watershed Management
Framework

B Protection
[ ] Protection 2
I Protection / Res

[ | Protection / Rest2
[ | Restoration

[ | Protection/Dev
[T ] Development/Res

I Development
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Overview of Appendices
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Appendices A to G — What they cover

Appendix B: Characterizing the Water Process in
Western Washington

Table of Contents

—} Methods for Characterizing the Water Process..

Desc riEt'lun of the Water Process

Delivery of Water

Movement of Water..

Loss of Water

Ide ntlfxmﬁ ImErtant Areas to the Water Process — Step 3.
Deliveryof Water ...

Predpitation patterns [P]

Timing of snowmelt [HU1]

Movementof Water

COwerland flow

Surface storage [HUZ, HUZ, HU4] ...

Shallow subsurface flow:

Recharge [HUS]

Vartical and lataral Flow ..o

Subsurface storzge

Discharge [HUG, HUT, HUS, HUE]

Loss of Water

Ident’lfxinﬁ Imeirrnem: to the Water Process - Stepdi.

Delivery of Water

Precpitstion patterns...

Timing of snowmelt [HI-1]

Movement of Water.....

Owerland flow [HI-2]

Surface storage [HI-3, HI-4 HI -5, HIaE HI-7]

Shallow subsurface flow [HI-7, HI-E]

Recharge  [HI-9, HI-10]

Verticzl and latersl subsurface flow  [HI-12]

Discharge [HI-12, HI-13, HI-14]

Loss of Water

Evsporation and transpirstion

Streamflow out of basin

Groundwater flow out of basin

—’ Models for Characterizing the Water Process.. .,
Maodel 1 : Important Areas for the Water Process,
Water Delivery
P —5core for Predpitation...
HU1 —5core for Timing of Water Delivery.
Surface Storage .
HUZ, HUZ, HU4, HUS - Score for Wetlands and Floodplains................ 41
Recharge
HUS - Score for Permesbility..
Discharge
HU&, HUF, HUS - Score for Aoodplains
Model 2 ; ImEirmenE to Water Process
Impairments to Water Delivery..........
HI-1- Score for Impairments taTiming of Delivery.. .
Impairments to Owverland Flow and Surface BEOMSES. .o
HI-2, HI-2,HI-4,HI-5,HI-6,HI-7 — Score for Impairments to Overland Flow,
Wetlands and Floodplains...
Impzairments to Recharge
HI-7, HI-13, HI-E, HI-2 — 5care for Impairments to Land Cover...
Severity ofimpairments resulting from loss of forest cover...
Impairments to Subsurface Flown. ...
HI-11 —5Score for Impairments from Roads
Impairments to Discharge
HI-12, HI-12, HI-14 - 5core for Impairments to Floodplains
Impairments to Loss

HI-15 —5core for Impairments to Evapotranspiration...............

BB B DB T B S issrass s L e &7



Appendices B to G — Methods for
Unaltered Areas

Process: Delivery, Movement , & Loss of Water

Rainfall,

Evapotranspiration Snowmelt, & Stream & ground water
Evaporation Groundwater flow out of basin

Precipitation
Vegetation
Topography | Controls
Soils
Surficial

Geology

Vertical & Lateral
Sub-surface Flow




Table B-1 : Describe Components, Controls & Key Areas

Major Important Variable for
Pg . B-10 Component of Process Natural Controls Areas Scoring
Importance
SediaEa e Recharge areas Wl.th. hlg.her p
. amounts of precipitation
Delivery -
. Rain-on-snow zones HU1
Timing of snowmelt .
Snow-dominated zones
Overland flow Prseocillgs)ltatlon patterns & Saturated areas
At th i
Fhe surace Surface storage Topography,Sur-face area; OIf!OW sradient HU3 :Slzl HUS
g geology Soils oodpflains ’ ¢
Shallow subsurface flow Low permeability deposits
Recharge Topography High permeability deposits HU6
- Below surface |Vertical and lateral Surface geology :
< Entire watershed
] subsurface flow
§ Subsurface storage Surface geology Deep permeable deposits
§ Slope breaks (steep above,
gentle below) intersecting HU7, HUS,
permeable deposits HU9, HU10
Slope breaks intersecting area
Return to : Topography of hydric soils extending into
Discharge .
surface Surface geology lower gradient area
Stratigraphic pinchouts
Contact areas between
geologic deposits of different
permeabilities
EvaporaFlon_/ Ve_getatlon Entire watershed Af:ldresjsed in
Transpiration Climate impairments
Loss
Stream or sub-surface Topography
flow out of basin Surface geology




Methods for Impairments

Removal of fionest s - .
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Figure B-7: lllustration of how human activities alter the delivery, movement and loss of
water.




Table B-3 : Describe Impairments

Component of process

Major natural
controls

Change to
process

Cause of change

Indicators of
impairment

Variable
for scoring
in model

Delivery

Precipitation
patterns

Changes in runoff
quantity & timing

Climate change

Timing of
snowmelt

Increase
streamflow

Removal of forest
vegetation

Reduction of forest
cover in rain-on-snow
and snow dominated
zones

Movement

Overland flow

Precipitation
patterns
Soils

Change timing of
surface runoff

Decreased
infiltration

Impervious areas

Channelization of flows

Filling and draining of
seasonally saturated
areas

Watershed
imperviousness

Stormwater discharge
pipes

Drainage ditches in
seasonally saturated
areas

Loss of seasonally
saturated areas

At the surface

Surface
storage

Topography
Surface

geology
Soils

Increase
streamflow

Decrease storage
capacity

Increase velocity
of surface flows

Drainage or filling of
depressional wetlands

Rural & urban land use
Loss of depressional
wetlands

HI-3, HI-4

Channelization of
streams

Miles of stream
through urban areas

HI-5, HI-6

Disconnection of stream
from floodplain

Dikes and levees on
stream reaches with
floodplains

Increase water
storage capacity

Decrease
downstream
flow

Dam operation




Appendix H — GIS Methods

Watershed Processes

GIS Analysis for
Important Areas

Phosphorous
/Toxins

Mvt Mvt Loss Mvt Mvt

Nitrogen Pathogens Sediment

Precipitation patterns

Rain-on snow and snow
dominated zones

Depressional wetlands

Channel confinement
(storage)

Permeability of surficial
geology (recharge
areas)

Impairments

Channel confinement and
permeability (discharge)
Lakes
Erodible soils & steep
slopes
Mass wasting areas
intersected
by aquatic ecosystems

within 100’ of aquatic
ecosystems

Channel gradient

See




Example of Watershed
Characterization



City of Leavenworth

Watershed Analysis at the Sub-basin Scale

Based on
Leavenworth Water Problem Study of 1999

Additional input from Matt Karrer, Hydrologist, US Forest Service

41



How Water Moves Through a
Watershed

Process: Delivery, Movement , & Loss of Water

Rainfall,

Evapotranspiration Snowmelt, & Stream & ground water
Evaporation Groundwater flow out of basin

Precipitation
Vegetation

Topography |Controls

Soils

Surficial
Geology

Vertical & Lateral
Sub-surface Flow



..\..\CTP 05\CTP08\water flow processes1.dv

Ste
Ste
Ste
Ste
Ste

Methods

0 1 — Define purpose of analysis
0 2 — Map analysis area and analysis units

0 3 —
04 —

05—

dentify and Map Key Areas
dentify and Map Types of Impairments

_ocate areas for protection and restoration

Sy

Incorporate Results into: Planning
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Step 1 — Define Purpose of Analysis

\’)

! ’

» Flooding problems 4

o Sheet flooding
o Culvert flooding

e« Subsurface
flooding of
basements

> Previous wetland
study (1999)

» ldentify local
experts



Step 1 — Define Purpose of

City wants to develop a
green infrastructure plan
for residential development
In upper Ski Hill.

The plan must show:

v Areas most suited for
development

v Areas to be protected

v Area suitable for
restoration

AnaIyS|s

k| Hﬂi ~ Future -

Residential
Development




Step 2 — Delineate the analysis area

N

-

O 'H'.J
el

e

L ilf s 3,

Tumwater Mounta
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Step 3 — ldentity and map Important
areas — surface water flow

> Rain on Snow

> Surface Storage: depressional wetlands &
floodplains

» Recharge
> Storage Capacity.
» Discharge Areas

47



Delivery of Water

Component of process

Important areas for process

Snowmelt/runoff

Rain-on-snow zone

=
]
b
o
3
o
=
)
-
©
2
=
=
[

Transpiratioff Rainfall, Snowmelt Yetream &

Evaporatior & Groundwater Tow out of

o basin

4

Surface storage

M Percolat\gn

Shallow Sub-surface flow

Svglaim,

1 Vertical & lateral
Ce sub-surface flow




Movement of surface water

Component of process Important areas for process

Surface storage dplains

- L W b4

Probable historic
drainage network.

Rainfall, Snowmelt
Evaporation & Groundwater

Shallow Sub-surface flow

T

Vertical & lateral
sub-surface flow



Wetlands — Potential & EXxisting

Potential Wetlands |, i S o

Depressional Wetlands: .
mmmm Hydric soil &
<4% slope

Slope Wetlands: b,
mmm Hydricsoil& /¢
4-8% slope R -

Existing Wetlands
I




Movement of surface water

Component of Process

Important areas for process

Surface storage

Depressional wetlands
(lakes, floodplains)

Rainfall, Snowmelt
& Groundwater

flow out of
basin

Shallow Sub-surface flow

T

1 Vertical & lateral
Ce sub-surface flow

HAES
N

Eﬁ?«mﬂ.‘.,.:‘e‘,f.;.— '
o e S P :
S o Bl 7"_»--17'_':~;-‘ ____f r !(l,f_ 3
Depressional | o
Wetlands

r
=




Movement o S

e )

ub

-surface water
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Movement of sub-surface water

Component of Process Important area for Process
ﬁs‘% Infiltration, Percolation & Areas Wwith solls of high infiltration capacity
i Recharge and permeable surficial deposits
, | Rainfall, Snowmelt Stream &
. Evaporation & Groundwater %“W
| o | S M basin
.
8 ; i _ X6  Surface storage
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Movement of sub-surface water —
vertlcal and Iateral flow

Leavenworth Fault —
represents a major
shear zone

Leavenworth S

Fault

Glacier advances

General Location
of Moraines

o4



Movement of sub-surface water —
_ vertlcal and Iateral flow

The fault acts like a
“culvert” and collects
groundwater from
several subbasins

. Leavenwort
Fault

Increases water to
lower basin

umwater Mountain
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Movement of sub-surface water

Component of [ Important areas for
Process Process
Vertical &laterall | Determined locally

D..

= Transpiration Rainfall, Snowmelt Streamé
! Evaporation & Groundwater ~Sroundwater

flow out of
N
¥

M basin
Surface storage

w Percolatign

Shallow Sub-surface flow

Vertical & lateral
sub-surface flow



<« Sedimentary Formation ——»

\ 4

Granitic Formation

View Northwest from Ski Hill Road Towards Tumwater Mnt.
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Surficial Geology.

Older Alluvium —
storage

Older Alluvium —
discharge

Strear &
Groundwater
flow out of
basin




Understanding Glacial Deposts

Glacial meltwater
eventually flows outthe ¢ Geologic
drainage of the present R
day Chehalis
“recessional outwash”
which is not compacted

Deposits
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Where Water Typically Surfaces

Depressional wetland in

Slope wetlands form below riverine setting influenced by
seeps where clay deposits overbank flooding,hyporheic
: (lacustrine deposits) are | flows, return flows and
\ exposed at slope face  Depressional groundwater
% - Wetland on
N upland terrace
Slaglayer N Return flows at
e / base of slope
Weathered \ N
till soils \ == |
—_—-— ) .- : River
v
- valley floors - -
-~
* slope breaks .
- X <

* base of slopes _————

_ _ Examples
» an exposed impermeable deposit = 60



..\..\UW 2007\UW2007 Final\Lectures & Readings\M3Protecting Aquatic Resources\Water Flow Examples.ppt

Example of Return Flow

Return Flow at the base of a slope in rural setting
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Under natural conditions
predominate in the PaC|f|c Northwest

ERE & T ? o 1
. . , l .
P @_
AT c;f S 2 £ ] ! TR0 4
2 5 AU AT
B L5
*

“In most humid regions,
infiltration capacities are
high because vegetation
protects the soil from
rain-packing and
dispersal, and because
the supply of humus and
the activity of microfauna
create an open soil
structure.”

Dunne & Leopold 1978




Component ofi process Important areas for
Process
Subsurface storage Permeable deposits
Discharge areas Slope breaks, different
Granitic permeabilites
Bedrock
_ Older Alluvium - Hydric soils —
Discharge cgarse material finer material
(storage)
Till — dense

/ material

Wenatchee

River
Fault

Zone
Discharge of

groundwater

Discharge to
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Upper Ski Hill — Area of Older Alluvium

e ¥ =1 \(\ TS 2 e L Ay A R

-y it 4\,. h -7 " ¥ ‘.'_"\-i“. '

. e > », " ST N
v"‘ ;

>

e R o~ -
Downtown
Leavenworth

View East Towards Chumstick River Valley
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Area of Greater Groundwater

&

_ Discharge

View SE Towards Ranger & Wheeler Rd & Town of Leavenworth
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Presumed Pattern of Historic
Groundwater and Surface Flow
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AARED -~ A WAT

s Flnal Map of Key Areas for Surface and Sub-surface
Components of \Water Process

[P |

Probable areas
of highest
discharge
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Step 4 — ldentity and map types of
Impairments

68



Indicators of Impairment to Surface Water Runoff
Loss of Stream Floodplain:

Important Areas for Surface
Storage — Probable Historic
Stream Network

69
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Impairment of Groundwater Flows

Road Ditch
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Inadequate
Culvert/Storm
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Impairment of Groundwater
Movement and Surface Runoff

Di ‘h v, 8 - Inadequate culvert ~ Surface water present
s GRS 2L oas __ in groundwater

- discharge area

/3



Indicators of Impairment to Groundwater Movement
Decrease in Groundwater Discharge to Aguatic Resources

DN ;<% TR R I
Dltchlng & Channellzatlon 3

Historic groundwater flow patterns
altered by ditches reducing natural
discharge to east of Ski Hill Road




Analyzing
Changes to
Water Flows

Ditches
intercept

groundwater

>
.

)|
% . __;‘ - _ 5 e 7 N : : .
ﬂ _ I surface. T'his
({‘) _ N increases the

Q tflooding

( Vot 0 5 A problems:

iy - o I :-‘:?;;' o and bring it to
y,




Final Impairment Map

Disconnect

floodplains

& streams

Armoring &

Drainage of  |channelization
dis s ofstreams N

Drainage/fill of
pressional
flands

L
d

e
we

|

H ) 3 Non-forest

I P Y =1

v p 'm;_a,a _cover
.&a@hl '3

> storage

Ditches and roads

— Flooding *
| culverts'

L3 l.'
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Step 5 — Locate Areas for
Protection & Restoration

Group Activity
Develop Restoration and
Protection Plan Based on
Characterization Results



Evaluate Restoration & Protection Opportunities
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Watershed Management Matrix
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Devek‘meent

Rating of Impairment




To Address the Flooding Problem,
Answer the Following Questions

> Which areas should be protected (I.e. critical to
maintaining processes)

» Which areas should be restored & why?

> What type of restoration plan would you
Implement?

» Where would you site future development (type,
configuration, design)?

> What type of development measures/standards
would you require?
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Synthesis Table

Reach, Site or Rating of Processes and Rating of Impairment (existing Recommended Solutions
Management Functions (unimpaired conditions)
Unit Name condtions)
Processes — (rate high, medium, or Processess — (rate high, medium, or Land Use Restoration-Protection
low) low) measures
Rating for Delivery is Rating for Delivery is
Rationale Rationale
Rating for Surface Storage is Rating for Surface Storage is
Rationale Rationale

Rating for Sub-surface movement Rating for Sub-surface movement

is is
Rationale Rationale
Rating for Discharge is Rating for Discharge is

Rationale Rationale




Planning for
Future

Develop LID standards to
reduce surfacing of

groundwatetr.

Restore wetlands as
mitigation for wetland
impacts elsewhere.

Develop transfer of
development credits
program for the areas
where development is

.| because area too s
- restricted.

,

%

_moyement,of

Important for

¥

. groundwater.

o U




Lunch



Introduction to Modeling

83



>

>

>

Approaches to Modeling

- Indicators (variables) are
combined using logic statements (and,
or, if...then)

- Indicators
(variables) are combined in equations
using mathematical operators

are a collection of models
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Rapid Assessment Methoad
All rapid assessment methods:
> model a process of jJudgment by experts

> are NOT mathematical representations of
actual environmental processes.
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Limitation of Rapid Methods

Variables can only represent fixed structural
characteristics of a wetland or landscape.
Rainfall

soll type
% forest cover [I,

Not dynamic processes:
rates of flow, etc.

\[{

y
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Process — Scoring Movement of Water in a
Sub-basin

Score = Surface Water + Groundwater + Evapotranspiration

Purpose: Compate
impottance of sub-
basins in the entire
watershed and rank
them.

87



Introduction to Modeling

Applying Characterization
to Planning & Permitting In
Clark County.



Step 1 — Define the Purpose

Wy do you need to
understand watershed
processes?

WWho will assist you with the
analysis?

WWhat resources already exist
o help with the analysis?

Step 1: Define the
purpose of the

analysis

Cver what area do watershed
DrocEsses operate”?

Step 2 Delineate the
analyzis arsa

Under natural conditions

whiere are the physical
characteristics important o
each watershed process?

Where are these different
areas logated?

nclude surface watershad
and contributing area for
groundwater

Step 3: Map key
areas for each
watershed process

Which hurman activities can
alter each watershed
DIOCEss T

Where do these aclivities
occur?

Describe relationship
between physica
characteristics of a
watershed and sach
watershed procass

Step 4 Map types of
alterations to eac
watershed process

Describe relationship
oetween human activities
and each watershed
DrOCESS

YWhere are watershed
orocesses still intact or
minimally altered?

Where have watershad
orocesses been impaired?

Step 5: Locate
potential arsas for
protection and
restoration

Owerlay Map of Alteraticns
on Map of Key Arsas for
=ach watershed process;
unaliered » protection
altered » restoration




Purpose of Analysis — Develop
County-wide Mitigation Plan

§ 5

4 ‘& ') 3

Y ARSRAR

Mitigation Plan will help
identify best areas for:

* Protection
» Restoration

» Mitigation Banks

This will assist in updating
CAO and SMP
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Wy do you need to
understand watershed
processes?

WWho will assist you with the
analysis?

WWhat resources already exist
o help with the analysis?

Step 1: Define the
purpose of the

analysis

Step 2 — Delineate Analysis Area

Cwver what area do watershed
processes operate?

Step 2 Delineate the
analysis area

Umnder natural conditicns,

whiere are the physical
characteristics important io
each watershed process?

Where are these different
areas logated?

Include surface watershad
and contributing area for
groundwater

Step 3: Map key
areas for each
watershed process

Which hurman activities can
alter each watershed
process’y

Where do these aclivities
occur?

Describe relationship
between physica
characteristics of
watzrshed and sach
watershed procass

Step 4 Map types of
alterations to each
watershed process

Describe relationship
between human activities
and each watershed
process

Yihere are watershad
processes still intact or
minimally altered?

WWhere have walsrshed
processes been impaired?

Step 5: Locate
potential arsas for
protection and
restoration

Owerlay Map of Alteraticns
on Map of Key Arsas for
each watershed process;
unaliered & protection
altered » resicration




Establish Hydrogeologic Units

» Hydrogeologic units based on:

o Geology

o Groundwater and surface water flow patterns
o Precipitation Type

o Landform

Based on work by Bedford and Winter
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Collect Info to Understand Geology

Permeability of geologic
deposits is the result of how
water and ice “sorted”
coarse to fine grain

sediment. W wetateia (o7 5 P TR Y K
| Ll el o) Missoula “glacial”
For deposits that were ' ¢ -yt 1 floods discharged

sorted by flowing water Naes _,".:':.":._ =+ from the relatively
(fluvial): - #=_2 narrow Columbia

: gorge to a broad
» Coarser sediments are

deposited closer to source
of water (velocity higher)

terrace: velocity
~was higher in the
» south and lower in

* Finer sediment is further
away from source where
velocity and/or gradient is
less

Columbia River




Geology & Regional Water Flow
Patterns

Lower Troutdale Troutdale Bench

e Battleground _
Upper Glacial
Aalrle lroutdile Drift
River OfMation Alluvium
Discharge < .
Areas ) T "‘

at®
EEETTE LR .

‘$
.
.*
.®

.
“““
----
""""
%

N RS
DTERN N TER

MR

W AN RS A A SRS A A TR >
T A \.\.\..‘-‘.‘-‘_‘Qw‘fn" AN ,.\.\.\u‘n\.‘-‘.“;ﬂ:fx" AN ,.\.\A\..\nn.‘ \‘.;'

Upper Troutdale formation is the saturated zone and has Subsurface flow moves through

the greatest quantity of groundwater. Majority of regional alluvium and laterally along boundary
recharge appears to occur in the alluvial plain adjacent to with Troutdale formation, discharging
the Battleground In ravines and on slopes.
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[EER ANEA ACUACENT 10 11 MODEL GRID SOURDARY
EXCLUOED FROM PARTICLE TRACING ANADY 6

MAXIMLUM DRAGTIC INDICES A MEAGURE OF AGLWER SENGIT VITY

PUGMER INDSCE S INDICATE A GREATER POLLLITION POT TENTIAL
TN 10 FIG. 11 FOR GLIICAL DRASTIC INDECE &

Bl xouo
B nwowo
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B wo200
B >x0

) Uit ron prnrs

— GENERAL DIRECTION OF GEOUND WATER FLOW W4
THE TROUTDALE GRAVEL AGUIF ER

— STUDY AREA BOUNDARY
— MODEL GRD BOUNDARY

O rmncsueey wits

5 unLLs

2 3 4 S nnoeiies

Understand
groundwater
water flow

patterns




Understand Precipitation TYpes

» Snow Dominated
Zone

Rain on Snhow
Zone

e Rain Zone
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Delineate H

%

Based on Similar:
Precipitation Type
Geology
Landform

Groundwater
Patterns

ydrog

Vy 17 /
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gic Uni
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L ol - X e
1 A SRR, it I S s g )
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Wy do you need to
understand watershed
processes?

WWho will assist you with the
analysis?

WWhat resources already exist
o help with the analysis?

Step 1: Define the
purpose of the

analysis

Step 3 — Characterize & Map Key Areas

Cwver what area do watershed
processes operate?

Step 2 Delineate the
analysis area

Under natural conditicns,

whiere are the physical

characteristics important o

each watershed process?
Where are these different

areas logated?

Include surface watershad
and contributing area for
groundwater

Step 2: Map key
argas for each
watershed process

Which hurman activities can
alter each watershed
process’y

Where do these aclivities
occur?

Describe relationship
bedween physical

characteristics of a
watershed and sach
watershed process

Step 4 Map types of
alterations to each
watershed process

Describe relationship
between human activities
and each watershed
process

Yihere are watershad
processes still intact or
minimally altered?

WWhere have walsrshed
processes been impaired?

Step 5: Locate
potential arsas for
protection and
restoration

Owerlay Map of Alteraticns
on Map of Key Arsas for
each watershed process;
unaliered & protection
altered » resicration




Models for Scoring

Importance of a sub-basin in the hydrologic
ProCcCess =

Important for delivery +
Importance for surface water +
Importance for +

Importance in evapotranspiration
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Pg. B-38

Important Area for Water Process =

Delivery Movement

| Surface + @
Storage

All areas assumed to

be forested & have
N @ @ equal

|P- Precipitation | HU2 - Depressional HUS - Permeability evapotranspiration
Wetlands

Streams in Floodplains
Floodplains HUG6 — Unconfined

HU1 - Snow & rain- -
HU3 - Unconfined HU7- Moderately confined
ON-SNOW zones

HU4 - Moderately HU8 - Confined
confined

HU9 — Wetlands below slopes

P+ HU1 Cyy [HU2 + HU3 + HU4 Model 1

(Highest sum above) ( Hii gh estSumA bOVE) P

> For Puget Sound:
CH1=0.33
Max Score=1 Max Score =1 Cua=0.66




Example of Scoring for Importance
Surface Water Variables

Area of Wetlands _ 94 of wetlands
Area of Sub-basin INn sub-basin

Scoring Based on Total Range of Wetlands in Analysis
Area:

Oto5% = O
5t010% = 1
10 to 20% = 2

>20% = 3
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Results of Importance of Wetlands

[ 1 High
™1 Moderate
B | ow

B \\etlands
Layer
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Characterize and Map Important
Areas for Hydro Process

/4

o MLy

' «

’

,
%
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Step 4 — Identify and Map Impairments

Wy do you need to
understand watershed
processes?

WWho will assist you with the
analysis?

WWhat resources already exist
o help with the analysis?

Step 1: Define the
purpose of the

analysis

Cwver what area do watershed
processes operate?

Step 2 Delineate the
analysis area

Under natural conditions,
whiere are the physical
characteristics important o
each watershed process?

Where are these different
areas located?

Include surface watershad
and contributing area for
groundwater

Step 2: Map key
argas for each
watershed process

Which hurman activities can
alter each watershed
process’y

Where do these aclivities
ozour?

Describe relationship
bedween physical
characteristics of a
watershed and each
watershed process

Step 4 Map types of
alterations to each
watershed process

Cescribe relationship
between human activities
and each watershed
process

Yihere are watershad
processes still intact or
minimally altered?

WWhere have walsrshed
processes been impaired?

Step 5: Locate
potential arsas for
protection and
restoration

Owerlay Map of Alteraticns
on Map of Key Arsas for
each watershed process;
unaliered & protection
altered » resicration




Pg. B-47

Delivery

Impairments to Water Process =

Movement

Timing

HI-1 - Non-forest
areas

Overland Flow,
Surface Storage

HI-2 — Impervious surface

Impervious Cover

Depressional Wetland Loss

HI-3 - Urhan
HI-4 — Rural

HI-7 — Low perm deposit
HI-10 —High perm deposit

Loss of Forest
HI-8 — Low perm deposit

HI-9—High perm deposit

Floodplain Loss
HI-5 - Unconfined

HI-6 — Moderately confined

|HI-11 - Road density

Loss of Forest in Floodplains
HI-12 —Unconfined

HI-13 — Moderately confined
HI-14 - Confined

HI-1
Highest Sum

Max Score=1

Cyy HI-2 + HI-3 + HI-4 + HI-5 + HI-6
Highest Sum Above

+ + HI-15
Highest Sum

+

Loss

Evapotrans-
piration

HI-15 - Impervious
surface

For Puget Sound:
Cu1=0.33
Cyp=0.66

Max Score=1

Max Score=1

Model 2




Example of Scoring for Impairment
Surface Water Variables

Area of Rural Wetlands
Area of Sub-basin

X 2 = Score

Area of Urban Wetlands
Area of Sub-basin

X 3 = Score
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Results of Impairments to Wetlands

. Vancouver S
— b




ldentify and Map Impair
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Step 5 — Locate Areas for Protection and Restoration

Watershed Management Matrix

» High

|
Protec;in |

# 10> FORs
!

@
Q
=
S

=
o
=3

E

©
(o)
c

l;
€«

14

Rating of Impaiment




Areas for Protection and Restoration

Watershed Management
Framework

B Protection
[ ] Protection 2
I Protection / Res

[ | Protection / Rest2
[ | Restoration

[ | Protection/Dev
[T ] Development/Res

I Development
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_ocate Areas for Protection and

Restoration

falama >R ' :

Protectlon and Development
. Management Zone

Development Management ane
Yacolt .‘

Restoratlon and Prote ﬁen
Management Zone Q}

l
(
|

Development
Management
Zone
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_ocate Areas for Protection and
Restoration

ol El:omote uses that pi
‘maintain processes

' 8%

Vancouver

112



_ocate Areas for Protection and
Restoration

113



_ocate Areas for Protection and
Restoration

. lect S\freav?

Dtscharge Areas

SN
- -

: r,'“-a.
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_ocate Areas for Protection and
Restoration

ﬂntact restoration has' hlgh‘“chan e
of success here :
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Introduction to Models

Applying the
Characterization to
Planning & Permitting Iin
Birch Bay



A Watershed Based Management
Plan for Birch Bay

f{d Pnulg_
-.‘ Neurth l AN sl
onhoqy Rl s

Moty Slins \7
Py ||; 0
\\-\‘}' Cothon v od

~1‘ i
fiisich Saanl Al
L Gl lpdante
1P e noe S : hn‘
Yot P
Tiaidl Ciaak — A Ve
lermea Tl d Weed J| ™™ J
JF N

1EC AN

<
Lake Terrosl]
f" Eazt J

A Coordinated Approach

Whatcom County

Local Citizen Groups

WA Dept of Fish & Wildlife
WA Dept of Ecology

WA Dept of Transportation

WA Dept of Community Trade
& Economic Development

Puget Sound Partnership

Environmental Protection Agency
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Watershed Planning Process

STEP1:
ANALYZING
THE
LANDSCAPE
ANDITS

Pilot Study WETLANDS

(Analysis
Inventory,

and collect data, and
analyze processes

Planning)
and functions
at multiple
geographic
scales

STEP 2:
PRESCRIBING
SOLUTIONS

ldentify solutions
(regulatory and

non-regulatory) to

reduce risks from
human activitics

STEP 3:
TAKING
ACTIONS

Implement
solutions to reduce
risks through
permits and other
approaches

STEP 4:
MONITORING
RESULTS

Monitor
effectivencss of
solutions

Future
Implementation

Adaptive Management (Feedback for Improvement)
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Objectives of Watershed Plan

> ldentify Important ecosystem relationships
within the Birch Bay watershed
o Areas sensitive to changes from land use

o Areas where protection and restoration can
address current problems (reduce risk)

> Provides a framework for coordination of
planning activities
o Comprehensive Plan, Shoreline Management
Plan and Critical Areas Ordinance update
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Components of the Plan

Inventory of (Step 1)
o Environmental Problems (Risks)
o Wetlands

o Streams and Riparian areas

E> Analysis of (Step 1)
» Water quality and water flow processes
» Wildlife and habitat conditions

o Future development patterns

Synthesis to develop watershed
solutions (Step 2)
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Step 1 - Inventory of Environmental
Problems or "Risks™

» Water quality in Birch
Bay

o Pathogens

o Nutrients
> Large population Shelgish
' 1~ 0eds
increase mBace
. Increased algal
> Lc_)ss_ of habitat and -
wildlife

» Decreased “quality of
life” for residents

Potential loss of heron
rookery

121



Step 1 — Analysis

ldentify at three scales (broad, mid, fine) In
watershed:

> Areas Important for maintaining watershed
processes and wildlife

> How these important areas have been
altered

> Areas for protection and restoration
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Characterization

of Watershed Processes:

Water Flow
Nutrients
Pathogens
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Important Areas for Restoring & Protecting
Hydrologic Processes

Watershed Management Matrix

Protection Restoration

[
Q
c
I

t
o
o

E

s
(=]
c

=
©

14

Protec , tlon Development

Rating of Impairment

Hydrologic Process
Suitability for:

Protection
[

Restoration

[
|
[
I Development
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Important Areas for Pathogen
Process Rela

) ‘
14

Most important areas

. :
educes for protection &

risk to

shellfish restoration
)

Potential
Sources




Fish & Wildlife Watershed Analysis
Broad and Mid Scale

Current Conditions
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Why Plan for Wildlife?

Birch Bay Watershed — Rich and Diverse Fauna

230 Terrestrial and Avian Species

80 WDFW Priority Species

21 Classified as Species of Greatest Conservation Need
24 Species with State Listing Status

3 Salmonid Species

Very Productive Marine Habitats
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Why Plan for Wildlife?

—— Percent of Species with Persistence Expected

—&— Potential Percent of Species Persistence if Very
High Level of Conservation

0
o
o
o
Q
)]
Y
@]
+—
c
o
@)
S
o
o

2

1du/40 to 1du/20ac 1du/10ac 1du/5ac 1du/2.5ac 1du/ac to >4du/ac to >7du/ac
1du/80ac 4dulac 7du/ac

Dwelling Unit Density (du)




Landscape Planning for WWashington's Fish

Broad
Scale

Mid -
Scale

and Wildlife
Tools Application - Benefit
Local Habitat Important places on the
Assessment landscape
Mid-Scale Representative

LHA

species’ needs

Local
Fine Info

Scale

Cluster
design,
road
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| ocal Habitat Assessment

Peaks = Favorable
Ranking

Valleys = Poor
Ranking 130

(local empirical data)




i3 i
= VaIIeys—Poor
Rankln urple -
&= v%ép) Results of Fish
& Wildlife

AEWALS

|_ocal Habitat
Assessment —
Broad Scale
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Effects of Growth on the System

Critical Area Buffers

Future Buildout Potential
- Non Residential

Fully-Developed

Undeveloped or Underdeveloped /
-] Open Space '
Dwelling Units/Parcel
.

¢ 1Dot=1
* DU_dens

I

> Impervious
Surface Analysis

;\"u
- =% Kickervills R




Blady Aoa
L (hasy #t
=

Fercak

Potential Chango Iimpervious
% Change

%.0
s 11 -0

Potential
Change In
Impervious

Cover

Conflicts in Central
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Synthesis:
ldentifying Solutions
(Step 2)

« Concentrate development in
“red” management units

» Allow use of mitigation credits
in “yellow and green” zones for
impacts in “red zone.”

* Cluster development in
“yellow and green” zones.

* Use low impact development
measures

» Provide for habitat protection
overlay

‘P@dion &f*
Restoration

Addresses
Issue of
increased
population
with
_ “sustainable
5" development
G patterns”

*%‘i '




Synthesis of: Results

Addresses 2
Loss of | ,
habitat and § $

e o8
4

« Keep large areas <= 1du/10 ac , V.V"d"f? _
« Habitat Mosaic - wetlands, open
grassy areas, and connectivity

areas, <= 1du/20ac

 Minimize new roads, traffic
softening, signs for crossings

« Connectivity — greater than 80%
native vegetation cover

* Flyways — maintain 0.5 mile
wide, no tall buildings or towers,
greater than 80% native vegetation
cover




Synthesis:
ldentifying Solutions
for Rural Properties

» Special Development Fees In
“red” management units would be
used to help farmers in green zone.
Examples include:

* Implementing Farm Plans in
critical areas

* Planting riparian buffer areas

* Restoring degraded reaches
of creeks

» Purchasing conservation
easements (similar to Wetland
Reserve Program)

» Selling Credits to developers for
wetlands created on rural properties

Addresses
Issue of
increased
population
with
“sustainable

5% development

patterns




Applying Characterization Results at Fine
Scale

Proposed
Development

Hydrologic Process
Suitability for:



Water Flow Patterns

7/ sw"’kooqs
Birch Pdm\ Lom Slouci

Cottonwood

A
Lb%"”"y“ﬂzf

~ l Hillsdide __

eaches
Beach South Cenial Uplands

b Eadl
Central Uplands
West
Terredl Creek
Lower Trib 1 West /i

ot Croek [
Terredl Creek ower Trib

I Creek
Lower.Trib 1 East

JUSGS Groundwater Level
Contoury]

Hypothetical groundwater
flow direction]

Proposed
Development

138
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Wetlands Inventory &
Characterlzatlon Results

|__tap [ Satellite | Terran |
g
'#’-P - ,mh
P
i)
e
§ Proposed

Restoratlon s

- proposed primarily
: _to the north of the
s development site
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Surrounding Uses
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Site Conditions & Development
Impacts

[_ap | satellte | Teran
== Septic System
Proposed
Development
Site
. Development .
] Envelop’e
.
- - i R ;
- ‘: b oy,

Wetlands were rated as category l§ (low performance of
all functions). |
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Reach or Site
Name

Bog Tributary

Synthesis Table

Rating of Processes and
Functions (unimpaired
condtions)

Processes — Potential is high for
water flow process.

Important area for groundwater
discharge and surface storage

(Use characterization of important areas
or existing info from basin plans for this
rating )

Functions — Potential is high for

functions. Historically a depressional
wetland complex, including a large
forested bog. High species richness for
plant, amphibian, bird, fish and mammal
species.

(For functions use existing information
from Priority Habitat and Species
program, Salmonscape , local wetland
inventories, local wildlife experts and
watershed plans. Use wetland rating
system results if available)

Rating of Impairment
(existing conditions)

Processess — Moderate to

High. The hydrology of the bog and
adjoining wetlands has been affected
by ditching and draining. This has
reduced storage in the wetland
complex, in turn affecting the flow
regime in Terrell Creek.

(Use characterization of impairments
for this rating or existing info from
basin plans).

Functions - Extensive clearing of
forest and scrub-shrub and emergent
habitat has reduced species richness

(Ratings from the characterization of
individual components such as forest
clearing, wetland loss and stream
floodplain loss can provide an indirect
assessment of impairment to
functions. Existing basin plan
information, including proper
functioning conditions analysis can
also be used).

Recommended Solutions

Land Use — Key area for

restoration. Measures to transfer
develop rights (i.e. Transfer of
Development Rights) and/or
conservation easements in conjunction
with clustering of development units
should be used to protect and restore
this depressional wetland complex.

Restoration measures. Block or
plug large ditches draining to the north
and west of bog complex (see figure
22). Decommission smaller ditches in
adjoining depression wetlands and
replant with scrub-shrub and forested
species.
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Recommended Mitigation Based on
Watershed Conditions and Analysis

» Offset Area -
Restore

(rehabilitation and
re-establishment)
and enhance
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Next Steps

STEP1:
ANALYZING STEP 2: STEP J:
THE PRESCRIBING TAKING
LANDSCAPE SOLUTIONS ACTIONS
ANDITS
WETLANDS

Pilot Study
(Analysis

[nventory, ldentify solutions [mplement
collect data, and (regulatory and solutions o reduce
analyze processes non-regulatory) to risks through
and functions reduce risks from permits and other
at multiple human activitics approaches
geographic
scales

and
Planning)

STEP 4:
MONITORING
RESULTS

____]'_t‘[.c-nimr_ ] Future
ullt:uth-l._ﬂl.ab ot Implementation
solutions .
(if adopted)

Adaptive Management (Feedback for Improvement)
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City of Anacortes

Using Existing Information and
Synthesis Table to Characterize
and Analyze Marine Shoreline
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Sh | p H a I‘bO I‘: City of Anacortes SMP —Summary of Inventory/Characterization Analysis and SMP Designations and Regulations

Reach Name
& Shoreline
Designation

Ship Harbor
Eastward on
Guemes
Channel -
Urban and
Residential

Shoreline
Designation
Map with
Proposed
Changes

West End -
Shoreline
Obligue Photo

East End -
Shoreline
Obligue Photo

Potential Ecosystem process
and associated shoreline
function

Ecosystem process:

Water movement (tidal and
wave energy); sediment
movement (inputs, longshore
transport, deposition and loss);
shoreline erosion; and
movement of woody debris;
organic inputs from shoreline;

Shoreline functions:

Water quantity - discharge
from streams/rivers and
groundwater at shoreline

Water quality - temperature
regulation (i.e. marine riparian
vegetation, groundwater
discharge at shoreline,
freshwater inputs from
streams/rivers); nutrient
removal (denitrification),
sediment retention (e.g.
deposition in estuaries and
intertidal mudflats), toxicant
removal & temperature
regulation

Habitat: shoreline, intertidal,
estuarine, subtidal habitats.
Habitat structure and
complexity for marine plants,
macroalgae, diatoms, marine
invertebrates, fishes, birds,
mammals and anadromous fish
species and terrestrial plants
and animls.

Assessment of processes &
functions

Ecosystem processes :
Rating: Potential is high

This shoreline is comprised of
sandy material and is an open
shoreline that experiences
higher energy relative to other
shorelines in the City. The
sandy beach at the Ship Harbor
wetland is a prograding beach.
It appears that movement of
sediment comes from the west
at Shannon Point. East of Ship
Harbor the shoreline is
bordered by bluffs > 10 meters
high that are comprised of
unconsolidated materials.
These bluffs represent a high
potential for supplying
sediment to adjacent beaches

Shoreline functions

Rating: Habitat functions are
high.

This is a forested marine
shoreline. The intertidal zone
includes patchy eelgrass, kelp,
and macroalgae. In
combination with the barrier
wetland at Ship Harbor this
shoreline, relative to other
shoreline areas, has a high
potential for habitat functions,
including sand lance spawning
habitat,(also see_Salmonscape)
Dungeness crab over wintering
habitat and salmonid habitat.
High for water quality and
quantity functions. Probably an
area of groundwater discharge,
due to upland terrace (recharge
area)

Level of Impairment to
processes & functions

Ecosystem processes:

Impairment Rating: Moderate to
High. Shoreline armoring at the
base of bluff has altered a
number of the shoreline
processes. Large shoreline
structures are preventing the
movement of bluff material into
the shoreline environment

Functions at shoreline:

Impairment Rating: High

Though majority of the shoreline
bluff is vegetated, shoreline
armoring at the base of the bluff
for an old rail bed has removed
shoreline vegetation which may
affect adjacent juvenile salmonid
habitat

Impacts on shoreline sediment
processes may restrict extent of

sand lance spawning habitat east

of Ship Harbor.

Majority of shoreline provides

juvenile salmon habitat and has a

moderate_restoration potential.

Derelict pilings and slag metal
from old cannery present in Ship
Harbor wetland.

Protection & restoration measures

Ecosystem processes and
functions:

This is a key restoration area (sediment
processes from adjoining bluffs) and “in-
lieu fees from other areas (e.g. Burrows
Bay) will be used to help protect and
restore sediment processes and biological
functions. Includes removing pilings and
slag from Ship Harbor wetland
(Restoration #34) and creating an
interpretive center and observation
boardwalk and overlook.

City policy calls for installation of a public
access path along the top of the existing
railroad bed. Restoration measures include
“capping” of the shoreline armoring of this
rail bed and planting with native
vegetation. This will improve some of the
biological functions for this shoreline. The
City will attempt to restore bluff erosion
processes along portions of trail that are
presently experiencing slides (by re-
routing trail to beach). Vertical access
ways will be considered where trail is not
continuous.

Consistency of Environment
Designation with assessment of
processes and functions and degree of
Impairment.

Residential 3 designation provides for a
150 buffer for the Ship Harbor Wetland.
Conservancy Designation for Ship Harbor
Wetland provides long term protection
given high habitat value (forested and
emergent barrier marsh with adjoining
habitat for sand lance, Dungeness crab).
Residential 3 designation requires a 150
foot buffer and setback from the OHWM,
which will protect bluff vegetation and
148
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Heavily armored
shoreline — sedi-
ment processes
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Shoreline Processes

Guemes Channel

1996 Washington DNR ] Fidalgo ) 1996 Washington DNR
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Coastal Atlas - Processes & functions

Data Layers
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Coastal Atlas - Processes & functions
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Coastal Atlas - Processes & functions
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venile Salmon Habitat Restoration Potential

Prodicted Restorstion Benefit 1o Sabmon Habitat

Restoration po L chons are based on current juvenile salmon
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E—— ST Reach: Lovric’s Marina Reach: East of Lovric’'s Marina
each: Shannon Pt. idalgo Hea .
Designation: Urban Designation: Shoreline Reach: Cap Sante North

Designation: Natural/Conservancy Residential 1 Designation: Urban Maritime Expanded

Reach: Cap Sante

Designation: Residential 1 & Conservancy

Reach: Cap Sante Marina and Industrial Area South
—] Designation: Urban & Urban Maritime
Reach: Ship Harbor | Reach: North Weaverling Spit
Designation: Shoreline Designation: Residential 1
Residential 3 o
Reach: Weaverling Spit

Designation: Urban

Designation: Urban

= 7]

Reach: Ship Harbor Wetland Reach: South Fidalgo Bay

Reach: Burrows Bay Marina vg | Designation: Conservancy T
. . . / { ; Reach: Padilla Bay SW
Designation: Shoreline !

Residential 2 and Urban : i N ; Designation: Conservancy

B Reach: Burrows Bay

e o Designation: Shoreline P j
| Residential 1
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Areas of Shoreline Since 1891

Filled areas
@) Dredged areas
Historic Shoreline (1891)

Historic Depth Zone (MLLW)
() oHWto+1 1t

&

&

Data Sources: Washington DNR, ilsdés:cyomnacdnés




Overwater Structures

TerraLogic .

Shoreline
Overwater structures

Depth Zone (MLLW)
() OHWto+1ft

() +iftatt
() sfto-16ft ' i LA » .
@) -eftto-30ft : : SRR 4 4
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Shoreline Armoring

Shoreline
~~. Hardened shoreline
@ Artificial substrate
Depth Zone (MLLW)
() OHWto+1ft

() #1two3ft"
() sftto-18tt

-16 ftto -30 ft

Data Sources: Washington DNR, NOAA, US Corp
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Ine Vegetation

Shoreline

Vegetation cover
eelgrass
kelp
macroalgae
salt marsh

Depth Zone (MLLW)
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Surf Smelt & Sand Lance Spawning

Terralogic m

Shoreline

Sand lance spawning
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Forage Fish Spawning Habitat
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Shoreline Processes

Saddieb
Iaslggm.d .

Bluffs compoted of uncorsoltdated materials, less than
10 meters (20 fest) high

Bluffs cosposed of wnconselidated matertals, the,
10 neters (30 foet) Mgh i

Rock shoraline with abrasion platfors
Plunging rock c11ffs, no abrasion platform

\
Surfs compcsed of mixed or altermating unconse)ldated \\
materials and rock \

o\

Prograded beaches O,
3 %0 n
Flaa-grataed tidal flats WEAVERLING _ ,,,‘ U
aeir
Direction of net, loag-tarm, sedfiment trantport
Lightly modfied shoreline, small shore defemse structurss

Stgnificantly modified shors)ine, large shore defense
Structures

Completaly modified shoreline, Industrialized or filled,
original shoreline now norezistent

MaJor lands!ide zones
Erosfos messurement site

Mean minimm erosion rate ta centimeters per year

Source: Revised Final Integrated Fidalgo Bay-Wide Plan and EIS




Summary & Wrap-up



Department of Ecolosy |  //WW\W.ecCYy.wa.gov/programs/sea/wetlands

Home | About Us | Environmental Education | Public Input | News | Employment

Air Land Water Toxics Waste

=7~ Wetlands

4 F it

[/www.ecy.wa.gov/mitigation/landscapeplan.html

Wetland Mitigation Home | About Us | Environmental Education | Public Input | News | Employment
Home (coming soon!) Wetlands: Nat

Wetland Mitigation Water Filters G
Banking

Wetland Mitigation | | Miare i e e Mitigation That Works

Guidance %

Land Water Toxics Waste

"Mitigation that '

Works" Stakeholder MITIGATION HOME
Forum 8 > ar Permitting Process
Wetland Mitigation

Evaluation Study Guidance and Regulations

arged E
_.:.g ' H Landscape Planning
i maining wetlz
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Environmental a .
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Waetland Regulations
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Training
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Wetland Publications I
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